The focus of the present study was on the influence of season on yield, chemical composition, antioxidant and antifungal activities of Omani basil (Ocimum basilicum) oil. The present study involved only one of the eight Omani basil varieties. The hydro-distilled essential oil yields were computed to be 0.1%, 0.3% and 0.1% in the winter, spring and summer seasons, respectively. The major components identified were L-linalool (26.5 -56.3%), geraniol (12.1 -16.5%), 1,8-cineole (2.5 -15.1%), ρ-allylanisole (0.2 -13.8%) and DL-limonene (0.2 -10.4%). A noteworthy extra component was β-farnesene, which was exclusively detected in the oil extracted during winter and spring at 6.3% and 5.8%, respectively. The essential oil composition over the different seasons was quite idiosyncratic, in which the principal components of one season were either trivial or totally absent in another. The essential oil extracted in spring exhibited the highest antioxidant activity (except DPPH scavenging ability) in comparison with the oils from other seasons. The basil oil was tested against pathogenic fungi viz. Aspergillus niger, A. fumigatus, Penicillium italicum and Rhizopus stolonifer using a disc diffusion method, and by determination of minimum inhibitory concentration. Surprisingly high antifungal values were found highlighting the potential of Omani basil as a preservative in the food and medical industries.
Basil (Ocimum basilicum L., family Lamiaceae), commonly termed as Rehan in the Arabian Gulf, is an annual plant which produces white or purple flowers depending on its type. The native Omani basil grows well in several regions of the world, even in the hot conditions prevailing in the desert. Basil essential oil is extensively used in the food, medical and perfumery industries [2, 3] . It is considered beneficial in folk medicine to treat diabetes, respiratory disorders, impotence, allergies, stomach cramps, vomiting, constipation, headaches, anxiety and infertility [4, 5] . Furthermore, scientific data have proven that the anti-oxidative power of the volatile oils in basil makes it a healthy stimulant of the immune system [6, 7] . This has led to the widespread exploitation of basil for its medicinal properties and for its extensive demand in the industrial sector [8] [9] [10] [11] . To the best of our knowledge, seasonal variation in the essential oil contents, and the antioxidant and antifungal activities of Omani basil oil have not yet been reported. The present work was undertaken with the main objective of investigating the physicochemical composition of the essential oil isolated from the aerial parts of O. basilicum indigenous to Oman as affected by different growing seasons.
Basil was harvested during its growth phase in three consecutive seasons during 2009-2010. The essential oil yield was 0.1%, 0.3% and 0.1% in the winter, spring and summer seasons, respectively. A number of previous studies on basil clearly demonstrate a great variation in essential oil yields, ranging from 0.1% to 1.9% [8, [12] [13] [14] [15] . The chemical components identified in Omani basil essential oil are tabulated in Table 1 . The number of compounds and their percentages were found to vary with respect to the different seasons. L-Linalool was identified as the core component of Omani basil oil (26.5 -56.3%). Some of the other components present in significant amounts were geraniol (12.1 -16.5%), 1,8-cineole (2.5-15.1%), p-allylanisole (0.2-13.8%) and DL-limonene (0.2 -10.4%). β-Farnesene, in spite of being one of the major components of the oil extracted during winter (6.3%) and spring (5.8%), was present in only trace amount in the oil recovered in summer. Linalool has been recognized as the prime component of basil oil in many previous studies [2, [16] [17] [18] . Linalool is a naturally-occurring terpene alcohol found in many spices and flowers. Its commercial applications are due to its pleasant floral scent. It is used to perfume hygiene products and cleaning agents including soaps, detergents, shampoos, and lotions.
Basil harvested in spring had a very low p-allylanisole content. From the results of the present study, it can be concluded that spring is the best season to harvest Omani NPC Natural Product Communications 2011 Vol. 6 No. 10 1487 -1490 Table 1 : Seasonal variation in Omani basil essential oil composition. tr= trace basil. The oil extracted then not only has a higher quality, but also has a very low concentration of p-allylanisole.
The DPPH radical scavenging activity of Omani basil oil (at an initial concentration of 150 g/mL) in various seasons was in the following order: summer (85.4%) > spring (75.2%) > winter (72.8%). The obtained results were in contrast to a previous study of Pakistani basil [15] in which the essential oil obtained during winter and spring were more effective in DPPH scavenging than the autumn and summer samples. This may be due to variations in the composition of the essential oils. DPPH radical scavenging activity of Omani basil oil was significantly higher than that of forty-two essential oils from Taiwan [19] .
Basil essential oil obtained during spring had a higher total phenolic content (1762.0 mg GAE/L) than either the summer (707.3 mg GAE/L) or winter samples (510.4 mg GAE/L). Total phenolic contents were similar to those reported by Lin et al. [19] .
Antifungal activity:
Omani basil oil exhibited a very strong antifungal activity (measured by determining zone of inhibition) against all the tested fungi, especially Aspergillus fumigatus (Table 2 ). Omani basil oil was many times more effective against fungi than that reported in a previous study by Hussain et al. [15] on basil from Pakistan. Essential oil obtained during spring was the most effective and that of summer the least effective against Aspergillus niger, A. fumigatus and Rhizopus stolonifer. In the case of Penicillium italicum, although the most effective inhibitor essential oil was that obtained in spring, the least effective was the winter oil. All four fungi used in the present study are known for causing deterioration in fruits and vegetables. However Aspergillus niger and A. fumigatus can cause aspergillosis, a serious lung disease in humans. The risk of disease occurs only if large amounts of spores are inhaled [20] .
The minimum inhibitory concentration (MIC) (g/mL) of the essential oil extracted from basil in the spring and winter was > 50 g/mL for Aspergillus niger, A. fumigatus, Penicillium italicum and Rhizopus stolonifer and > 100 g/mL for the summer oil. In a previous study on Pakistani basil oil, Hussain et al. [15] found a minimum inhibitory concentration of 3200 g/mL for Aspergillus niger. The high antifungal values found for Omani basil oil highlights its potential as a preservative in the food and medical industries.
The essential oil composition of Omani basil varied with the season. Some compounds that were present in substantial amounts in one season were marginal or even totally absent in another. Omani basil essential oil obtained during spring possesses promising antioxidant properties, and is many folds more effective in inhibition of fungal contaminants in comparison with previously reported studies of basil from neighboring countries. 
Plant material and essential oil extraction: Seeds of wild
Ocimum basilicum L. were collected from the plains of the Sultanate of Oman and sown in the field. Biomass was harvested during the plants' flowering stage in 3 different seasons. Fifteen basil plants were randomly selected for the study. Basil (V 1 ) essential oil was extracted using a Clevenger type apparatus of 2.5 kg capacity. The procedure was repeated thrice to obtain a representative sample for analysis. The essential oil was dried over anhydrous sodium sulfate and filtered using a Whatman no. 40 filter paper. The filtered oil was then stored at 4°C until analysis.
Essential oil analysis:
Freshly extracted basil oils were analyzed with a MS Clarus 600 Perkin Elmer equipped with a FID detector and an ULTRA-1 (0.20 mm x 25 m x 0.33 μm) column packed with 100% dimethyl polysiloxane. Helium, with a flow rate of 1.0 mL/min, was used as the carrier gas. Temperature was initially maintained at 45°C for 6 min and subsequently programmed to reach 250°C for 10 min at the rate of 3°C per min, with a hold time of 2 min. Both the injection and detection temperatures were adjusted to 250°C. NIST Mass Spectral Library (v 2.0a 2002) was used for identifying the compounds by comparing their mass spectra with the mass spectral data base.
DPPH radical scavenging activity:
An aliquot of 0.5 mL of either essential oil or standard was mixed with 2.9 mL of 100 μM DPPH (dissolved in 80% ethanol). Ascorbic acid and gallic acid were used as standards, at various concentrations (25, 50, 75, 100 and 150 mg/mL). After vigorous shaking, the mixture was left in the dark for 30 min. DPPH (100 μM) solution was taken as the control. Ethanol (80%) was used as the blank. Absorbance was measured at 515 nm (using a Perkin Elmer UV/Visible Spectrometer Lambda EZ 150) and DPPH radical scavenging activity was calculated using the following equation [13] : Determination of total phenolic content: Essential oil (100 μL) was mixed with 0.75 mL of Folin Ciocalteu reagent, diluted 10 times. After keeping at 22ºC for 5 min, 0.75 mL of sodium carbonate (60 g/L) solution was added to the mixture. The whole mixture was left for 90 min at 22ºC before measuring absorbance at 725 nm using an UV/Visible Spectrometer (Perkin Elmer Lambda EZ 150). Gallic acid (0.02, 0.04, 0.06, 0.08, 0.10 mg/mL) was used as a standard [21] .
Antifungal activity: Four fungal strains were used for antimicrobial testing. Aspergillus niger and A. fumigatus were collected from bread, Penicillium italicum from corn and Rhizopus stolonifer from Capsicum annuum. All fungi were cultured and maintained on potato dextrose agar (PDA). The identification of fungi was made by a senior pathologist.
Disc diffusion method:
The antifungal activity of Omani basil essential oils was determined using the disc diffusion method of NCCLS [22] . Circular discs of electrophoretic paper, 6 mm in diameter, were individually impregnated with 10 L of essential oil. These discs were placed on PDA plates, freshly inoculated with fungal spores. A disc without sample was used as the negative control.
Amoxicillin was added to PDA plates to suppress bacterial growth. The zone of inhibition (mm) was measured after incubation at 30ºC for 24 h. All values are the average of 3 replicates.
Determination of minimum inhibitory concentration (MIC):
Omani basil oil samples were dissolved in MeOH and final concentrations were made up to 50, 100, 200, 300, 400 and 500 L/mL. A 10 L spore suspension of each test strain was added to 15 mL of PDA medium. Tubes were kept at an inclined angle of 45 o until the agar solidified. After solidification, 1 mL of essential oil suspension in methanol was dispensed over each PDA slant. MIC values were noted after incubation for 7 days at 28 o C [23] . All observations recorded are the average of 3 replicates.
